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ABSTRACT 

CFAV  QUEST  is  a  specially  designed  quiet  ship  used 
for  underwater  acoustic  research  at  the  Defence  Research 
Establishment  Atlantic.  QUEST  was  commissioned  in  1969,  how¬ 
ever,  advances  in  sonar  technology  since  that  time  have  re¬ 
quired  additional  silencing  of  the  ship  propellers.  As  a 
result,  a  joint  propeller  design  and  model  test  program  was 
undertaken  with  the  Netherlands  Ship  Model  Basin. 

The  shortcomings  of  the  present  propellers  are 
described  and  a  comparison  is  given  between  model  and  full 
scale  propulsion  results.  The  design  criteria  and  techniques 
used  for  a  new  set  of  propellers  are  reviewed,  and  the  suitabil¬ 
ity  of  the  new  propellers  is  assessed  in  relation  to  propulsion 
and  cavitation  criteria.  Further,  the  effect  on  propeller 
performance  and  cavitation  of  modifying  the  shaft  support  from 
a  bossing  to  an  A-bracket  is  examined. 
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ETUDE  SUR  LA  CONCEPTION  DES  HELICES  DU  NAVIRE  DE  RECHERCHE 

ACOUSTIQUE  QUEST 

L .  J .  Leggat,  J.  Th.  Ligtelijn  et  J.L.  Kennedy 


RESUME 


Le  CFAV  QUEST,  navire  auxiliaire  des  Forces 
Canadiennes,  a  ete  con^u  specialement  pour  naviguer  en  silence, 
pour  la  recherche  acoustique  sous-marine  au  Centre  de  Recherches 
pour  la  Defense  Atlantique.  Le  QUEST  a  ete  lance  en  1969. 
Cependant,  les  progres  de  la  technologie  du  sonar  ont  necessite 
une  attenuation  supplemental  e  du  bruit  des  helices  de  navires. 
On  a  done  etabli  un  programme  de  conception  et  d'essai  sur 
maquette  des  helices  en  collaboration  avec  le  Bassin  de  Conduite 
des  Navires  des  Pays-Bas. 


Les  points  faibles  des  helices  actuelles  sont  decrits 
et  compares  en  fonction  des  resultats  obtenus  avec  la  maquette 
et  ceux  des  essais  en  grandeur  reelle.  Les  criteres  de  con¬ 
ception  et  les  techniques  utilises  pour  une  nouvelle  serie 
d'helices  sont  revus,  et  les  nouvelles  helices  sont  reevaluees 
en  fonction  de  la  propulsion  et  de  la  cavitation.  De  plus,  on 
etudie  1  'effet  que  I'adoption  d'une  chaise  en  A  comme  support 
d'arbre,  au  lieu  d'un  bossage,  auralt  sur  les  performances  et^ 
la  cavitation. 
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NOTATION 


CA  -  model-ship  correlation  allowance 

T 

C_  -  thrust  loading  coefficient  *  - — - 

T  T  %PV*£d 

D  -  propeller  diameter 

J  -  advance  coefficient  of  propeller 

Kq  -  torque  coefficient 

Kt  -  thrust  coefficient 

n  -  propeller  rotation  rate 

Pp  -  delivered  horsepower 

P  -  effective  horsepower 

Pw  -  static  pressure 

P^  -  vapour  pressure  of  water 

t  -  thrust  deduction  fraction 

T  -  propeller  thrust 

V  -  ship  speed 

-  axial  wake  velocity  component 

wg  -  ship  wake  fraction 

W  -  model  wake  fraction 
m 

X  -  dimensionless  propeller  radius 

Hp  -  propeller  efficiency  in  open  water 
nR  -  relative  rotative  efficiency 
p  -  density  of  water 

0  -  cavitation  number  based  on  RPS:  o  “ 

n  n 
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INTRODUCTION 


Effective  underwater  acoustic  research  requires  a 
research  vessel  with  very  low  levels  of  self  and  radiated 
noise.  To  accomplish  this  end,  special  attention  must  be 
directed  at  the  design  stage  toward  the  reduction  of  ship 
machinery  and  propeller  noise.  Thus,  for  the  Canadian  Forces 
Auxiliary  Vessel  (CFAV)  QUEST,  the  Defence  Research  Establish¬ 
ment  Atlantic's  underwater  acoustic  research  vessel,  extreme 
care  was  exercised  in  the  detailed  design  and  construction  of 
the  ship  to  minimize  noise  and  vibrations  so  that  the  ship- 
radiated  noise  level  would  be  the  lowest  possible  within  the 
limits  of  existing  technology1.  Special  arrangements  were 
made  for  mounting  machinery,  piping,  and  trunking;  and  the 
provision  of  acoustical  bulkheads.  Further,  techniques  of 
reduced  noise  propeller  design  were  employed  to  provide  a 
quiet  propeller  at  speeds  below  seven  knots;  the  speed  range 
of  interest  for  acoustic  research,  when  the  vessel  was  com¬ 
missioned2  •  Construction  of  CFAV  QUEST  was  completed  early 
in  1967.  More  than  ten  years  after  completion,  the  acoustic 
features  incorporated  in  the  design  make  the  ship  one  of  the 
quietest  diesel  electric  surface  ships  afloat  today. 

The  propulsion  machinery  in  QUEST  consists  of  a 
diesel  electric  system  with  two  main  diesel  generators.  In 
addition,  a  gas  turbine  driven  generator,  mounted  in  an 
acoustically  isolated  compartment,  provides  propulsion  during 
quiet  operations  such  as  drifting  and  steaming  below  seven 
knots.  The  ship  has  twin  screws  and  twin  rudders,  and  the 
propeller  shafts  are  supported  by  steamlined  bossings.  The 
general  characteristics  of  the  ship  are  shown  in  Figure  1. 

The  present  propeller  is  shown  in  Figure  2  and  will  be  referred 
to  as  Propeller  5349. 

Since  the  design  of  the  QUEST  propellers  in  1964  by 
the  National  Research  Council  of  Canada,  designers  and  re¬ 
searchers  have  expanded  the  understanding  of  methods  to  control 
noise  and  vibration  produced  by  ships'  propellers.  Techniques 
of  adapting  the  propeller  to  the  wake  and  adopting  skew  to  con¬ 
trol  cavitation  and  vibration  are  now  better  understood.  Ad¬ 
vances  in  propeller  technology,  coupled  with  a  requirement  to 
reduce  QUEST'S  radiated  noise  signature  at  speeds  above  seven 
knots,  led  to  the  initiation  of  a  new  propeller  design  for 
CFAV  QUEST.  The  Defence  Research  Establishment  Atlantic  (DREA) 
entered  into  a  joint  propeller  design  and  model  test  program 
with  the  Netherlands  Ship  Model  Basin  (NSMB)  under  a  research 
contract,  which  included  the  use  of  the  NSMB  depressurized 
towing  tank  so  that  acoustic  measurements  could  be  performed. 


The  propeller  design  and  model  test  program  was 
divided  into  three  phases:  analysis  and  testing  of  the  present 
propeller,  and  development  of  design  criteria;  design  and  test¬ 
ing  of  a  new  propeller;  and  design  and  testing  of  a  propeller 
for  QUEST  with  the  bossing  replaced  by  A-brackets.  The  purpose 
of  this  paper  is  to  outline  the  design  and  testing  processes 
used  and  to  discuss  the  degree  of  success  achieved. 

2.  PRE-DESIGN  TESTING 


Resistance  and  propulsion  tests,  and  a  wake  velocity 
survey  were  conducted  with  a  1/10  scale  model  of  the  QUEST  hull. 

The  resistance  measurements  were  made  over  the  speed 
range  from  6.5  knots  to  16.5  knots.  The  resistance  data  scaled 
to  full  size  for  the  appended  hull  are  shown  in  Figure  3.  The 
propulsion  test  was  carried  out  with  NSMB  stock  propellers  for 
the  same  speed  condition  as  the  resistance  test.  Measurements 
were  made  of  propeller  thrust  and  torque,  and  the  residual 
towing  force  acting  on  the  captive  model.  The  performance 
data  scaled  to  full  size  for  ideal  trial  conditions  are  pre¬ 
sented  in  Figure  3. 

The  wake  velocities  were  measured  in  the  port  pro¬ 
peller  plane  at  a  ship  speed  of  16.0  knots.  The  three  ortho¬ 
gonal  velocity  components  were  deduced  from  five-hole  pitot 
tube  measurements.  The  axial  wake  as  indicated  in  Figure  4 
demonstrates  the  large  velocity  defect  behind  the  shaft  bossing 
and  the  boundary  layer  on  the  hull. 

3.  ANALYSIS  OF  THE  EXISTING  PROPELLER 


The  performance  of  the  existing  propellers  was 
analyzed  mathematically  by  both  DREA  and  NSMB.  DREA  employed 
the  MIT  lifting-surface  propeller  design3  and  analysis4  programs. 
NSMB  performed  a  redesign  starting  with  the  same  inputs  pro¬ 
vided  for  the  original  design  and  using  their  lifting-line 
design  method5.  They  completed  the  analysis  by  applying  their 
lifting-line6  and  lifting-surface7  analysis  techniques. 

The  existing  propellers  were  designed  for  homogeneous 
flow  and  on  the  basis  of  propulsion  tests  carried  out  on  a 
QUEST  ship  model  fitted  with  stock  propellers2’8.  These  tests, 
performed  at  a  displacement  of  1828  tonnes  showed  that  a  ship 
speed  of  16.5  knots  could  be  achieved  with  the  available 
power.  To  provide  a  margin  against  face  (pressure-side)  sheet 
cavitation,  the  propeller  design  was  performed  at  a  value  of 
advance  coefficient,  J,  5.5%  higher  than  the  J  at  maximum  ship 
speed  predicted  by  the  model  tests2’8.  This  procedure  resulted 
in  a  design  J  of  1.21. 
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The  actual  displacement  of  QUEST  is  closer  to  2221 
tonnes.  Results  of  measured  mile  tests  with  QUEST9  show  that  a 
maximum  speed  of  slightly  over  15  knots  is  possible.  At  this 
full  power  speed,  the  advance  coefficient  is  1.06. 

The  difference  between  the  operating  and  design  J’s 
and  the  increase  in  displacement  could  lead  to  an  absence  of 
shock  free  entry  of  the  flow  and  an  increase  in  the  expected 
propeller  loading.  This  conjecture  was  supported  by  the  DREA 
results  from  the  1 if t ing -sur f a ce  program3,  which  indicated 
that  the  propeller’s  pitch  and  camber  distributions  were  higher 
than  optimum  at  the  operating  J  condition  in  a  homogeneous 
wake. 


A  propeller  design  by  NSMB,  employing  their  lifting¬ 
line  design5  and  using  the  original  input  data  and  a  homogene¬ 
ous  wake,  turned  out  to  be  basically  the  same  as  the  present 
propeller.  Small  deviation  in  cambers  and  radial  load  dis¬ 
tributions  occurred  owing  to  differences  in  methods  used  to 
provide  margins  against  face  sheet  cavitation. 

The  QUEST  propeller  was  analyzed  at  a  ship  speed  of 
13  knots  using  the  NSMB  lifting-line  analysis  program6,  which 
takes  into  consideration  the  three  nominal  wake  velocity  com¬ 
ponents.  This  speed  was  of  interest  because  a  new  propeller 
design  would  attempt  to  produce  no  noisy  sheet  cavitation 
below  13  knots.  The  results  showed  that  back  (suction-side) 
sheet  cavitation  occurred  readily  on  the  present  blades 
at  13  knots.  Maximum  cavitation  was  calculated  to  occur  when 
the  propeller  blades  passed  through  the  wake  peak  behind  the 
shaft  support  bossing.  Substantial  levels  of  radiated  noise 
may  be  associated  with  the  inception  and  desinence  of  cavita¬ 
tion  in  the  wake  peak. 

From  the  analyses  of  the  QUEST  propeller,  it  was 
observed  that  the  propeller  efficiencies  were  very  high,  but 
that  cavitation  was  present  at  unacceptably  low  speeds. 

4.  PROPELLER  DESIGN 


With  the  above  information  in  mind,  the  goal  for 
the  new  propellers  was  established  as  follows.  The  propeller 
was  to  be  free  of  sheet  cavitation  up  to  a  ship  speed  of  13 
knots,  while  maintaining  approximately  the  same  efficiency. 
Lloyds’  Ice  Class  I  standards  were  to  be  applied.  Maximum 
power  and  rotation  rate  were  fixed  by  the  characteristics  of 
the  installed  machinery.  The  present  system  develops  1998  kW 
delivered  power  at  140  rpm.  Analysis  of  the  wake  harmonic 
information  showed  that  a  flve-bladed  propeller  would  not 
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produce  a  coherent  match  with  significant  wake  harmonics. 
Therefore  the  blade  number  was  left  unaltered.  The  propeller 
diameter  was  optimal  with  regard  to  efficiency. 

The  design  was  accomplished  using  the  NSMB  lifting¬ 
line  design5.  Lifting-line6  and  lifting-surface7  analysis  pro¬ 
grams  were  used  to  predict  the  performance  of  the  propeller 
designs.  Three  iterations  of  design  and  analysis  were  per¬ 
formed  before  arriving  at  a  propeller  which  satisfied  the  de¬ 
sign  criteria.  The  major  problem  which  had  to  be  addressed 
was  the  large  velocity  defect  in  the  axial  wake  behind  the 
bossing,  and  its  effect  on  the  angle  of  attack  fluctuations. 

As  a  result,  it  was  necessary  to  skew  the  blade  and  to  alter 
the  blade  section  thickness  distributions. 

Skew  has  a  number  of  beneficial  effects.  It  can 
delay  cavitation  inception,  especially  for  face  sheet  cavita¬ 
tion10.  Promising  results  have  been  obtained  in  this  respect 
from  various  other  model  experiments  at  the  NSMB.  Furthermore, 
skew  can  reduce  the  volume  velocities  and  accelerations  on  the 
leading  edge  sheet  cavities  as  the  blade  passes  through  the 
wake,  thus  reducing  the  acoustic  source  strength  associated 
with  the  cavity  fluctuations. 

Blade  section  cavitation  buckets  can  be  widened  to 
increase  the  margin  against  sheet  cavitation  by  making  the 
section  thickness- to-chord  ratios  larger,  however,  this  measure 
compromises  the  margin  against  bubble  cavitation.  Wider 
buckets  can  be  achieved,  without  sacrificing  the  margin  against 
mid-chord  bubble  cavitation,  by  moving  the  chordwise  position 
of  maximum  thickness,  from  mid-chord  toward  the  leading  edge. 

The  final  propeller  design,  designated  5363  and 
shown  in  Figure  5,  had  some  60°  of  skew  at  the  tip.  The  po¬ 
sition  of  maximum  thickness  on  the  blade  sections  was  moved 
from  50  to  30  per  cent  of  chord  at  the  outer  radii.  At  the 
inner  radii,  where  the  cavitation  margins  were  high  the  max¬ 
imum  thickness  was  maintained  at  mid-chord  to  provide  strength 
near  the  trailing  edge  where  the  highest  stresses  occur.  To 
accommodate  high  blade  stresses,  which  were  expected  to  occur 
during  reverse  operation,  thicknesses  were  increased  by  be¬ 
tween  4  and  12  per  cent  over  those  required  to  satisfy  Lloyds1 
Ice  Class  I.  This  led  to  an  increase  in  chord  length  to  give 
optimim  t hickness-t o-chor d  sections.  These  increases  in  chord 
were  also  beneficial  in  reducing  effective  angle  of  attack 
fluctuations,  thus  reducing  the  probability  of  sheet  cavitation. 

Blade  section  pitch  and  cambers  were  chosen  such  that 
no  face  sheet  cavitation  was  predicted  at  full  power. 
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The  calculated  open-water  curves  for  the  final  design 
showed  that  the  propeller  efficiency  was  slightly  higher  than 
that  of  the  existing  propeller.  Cavitation  analysis  of  this 
new  propeller  showed  a  slight  amount  of  back  sheet  cavitation 
at  12  knots  and  no  pressure-side  cavitation. 

The  strength  of  this  propeller  was  checked  initially 
at  the  full  power  condition  using  Romson's  method12,  and  with 
normal  beam  theory  using  the  hydrodynamic  loading  calculated 
with  the  lifting-line  method5.  Results  showed  that  the  stresses 
were  well  within  the  specified  allowable  stress  for  fatigue 
for  a  typical  propeller  alloy,  5.9  kN/cm2. 

Final  checks  of  the  propeller  strengths  were  made 
using  the  NSMB  and  DREA  finite  element  techniques.  Both  methods 
developed  a  three-dimensional  finite  element  model  of  the  pro¬ 
peller  blade  clamped  at  the  root.  The  NSMB  model  is  built  up 
from  NASTRAN  QUAD4  isoparametric  membrane-bending  elements. 

The  DREA  method  uses  a  sup er par amet r ic  curved  shell  element14. 

In  both  techniques,  the  elemental  loads  are  determined  from 
calculated  blade  pressure  distributions.  The  NSMB  specified 
the  hydrodynamic  loading  using  unsteady  lifting-surface  theory, 
taking  into  account  the  measured  wake  field.  DREA  calculated 
a  steady  loading  using  a  1 i f t ing- s ur f ac e  method3.  A  comparison 
of  stresses  calculated  for  the  static  mean  load  condition  at 
full  power  ahead  is  shown  in  Figure  6.  This  figure  indicates 
a  good  agreement  of  the  results  using  the  independently  de¬ 
veloped  methods. 

Because  maximum  stresses  for  highly  skewed  propellers 
generally  occur  in  the  reverse  operating  condition,  a  check  of 
the  propeller  stresses  was  made  at  the  astern  bollard  condition 
with  1110  kW  delivered  power  per  shaft  and  140  rpm.  The  astern 
power  was  exaggerated  to  provide  a  margin  of  safety  which  would 
include  crash  astern  conditions.  The  result  was  a  maximum 
stress  of  7.2  kN/cm2  at  0.7  radius.  This  value  is  considered 
acceptable  as  stresses  of  this  magnitude  rarely  occur  and  are 
well  below  the  limit  of  proportionality  of  the  propeller 
mate  rial. 


The  maximum  stress  for  the  full  power  ahead  condition 
including  the  effects  of  unsteady  hydrodynamic  loading  was 
calculated  by  the  NSMB  to  amount  to  5.9  kN/cm2  at  the  blade 
root.  Therefore  the  propeller • strength  is  deemed  acceptable 
for  all  operating  conditions. 


5 


5, 


MODEL  TESTING 


Both  the  existing  QUEST  propeller,  and  the  highly 
skewed  replacement  were  tested  on  the  1/10  scale  model  in  the 
depressurized  towing  tank  at  the  NSMB.  Open  water,  propulsion, 
cavitation  and  noise  tests  were  performed. 

5 . 1  Open  Water  Tests 

The  open  water  characteristics  of  the  two  propellers 
are  shown  in  Figure  7.  Propeller  5363  is  slightly  more  effi¬ 
cient  than  propeller  5349.  The  reason  for  this  increase  in 
efficiency  is  not  entirely  understood.  However,  for  lightly 
loaded  propellers,  as  with  QUEST,  skew  seems  to  have  a  benefi¬ 
cial  effect  on  efficiency.  This  result  is  consistent  with 
those  from  a  limited  number  of  other  tests  with  lightly  loaded 
propellers  carried  out  at  the  NSMB. 

5 . 2  Propulsion  Test 


The  propulsion  test  was  performed  under  identical 
conditions  for  both  sets  of  propellers  at  the  draft  shown  in 
Figure  1.  The  speed  range  was  from  6.5  to  16.5  knots.  All 
appendages  were  fitted.  The  wake  scale  effect  and  model-ship 
correlation  allowance  were  determined  according  to  the  NSMB 
statistics15.  A  model-ship  correlation  factor,  C^,  of  0.00058 

and  a  wake  scaling  correlation  factor,  (1-w  )/(l-w  ),  of  1.005 

s  m 

were  used.  The  test  results  with  the  original  propellers  are 
shown  in  Figure  8,  together  with  the  full  scale  performance 
dat a9 . 


In  order  to  check  the  selected  correlation  factors, 
a  correlation  study  was  carried  out  on  the  basis  of  the  full 
scale  speed  trials9.  These  full  scale  performance  data  were 
corrected  for  the  tested  drafts  using  statistical  data15. 

The  model  test  data  were  then  extrapolated  to  the  trial  con¬ 
dition  with  a  sea  water  temperature  of  4.4°C.  The  closest 
overall  agreement  between  corrected  trial  data  and  extra¬ 
polated  model  test  results  was  obtained  for  a  model-ship 
correlation  factor  of  0.0006  and  a  wake  scaling  correlation 
factor  of  1.03. 


It  would  appear  from  these  propulsion  tests,  that  for 
equal  power  absorption,  a  slightly  higher  speed  can  be  obtained 
with  the  new  propellers.  Taking  into  consideration  the 
accuracy  of  the  full  scale  experimental  data  and  the  corrections 
employed,  the  agreement  between  the  statistical  correlation 
data  and  the  actual  results  of  the  correlation  study  is 
considered  satisfactory. 
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5 .  3 


Cavitation  Tests 


Observation  of  propeller  cavitation  for  the  two  sets 
of  propellers  was  carried  out  in  the  depressurized  towing  tank 
using  photo  and  video  equipment  to  observe  back  sheet  cavita¬ 
tion  from  inside  the  ship  model  and  an  external  periscope  to 
observe  face  sheet  cavitation*  During  the  cavitation  tests, 
electrolysis  was  applied  to  the  tank  water  ahead  of  the  pro¬ 
pellers  in  order  to  supply  sufficient  cavitation  nuclei.  Also, 
carborundum  strips  with  an  equivalent  sand  roughness  of  60  ym 
were  applied  to  the  leading  edges  of  the  propeller  blades  to 
trip  the  boundary  layer,  and  so  reduce  scale  effects  on  cavita¬ 
tion  inception. 

The  experiments  included  finding  the  cavitation  in¬ 
ception  points  and  photographing  the  back  sheet  cavitation 
patterns  at  selected  test  conditions.  The  inception  test  re¬ 
sults  for  the  two  propellers  are  shown  in  Figures  9  and  10  for 
the  propellers  5349  and  5363  respectively  in  the  behind  con- 
d it  ion. 


The  inception  of  tip  vortex  cavitation  is  subject  to 
scale  effects  owing  to  the  large  difference  in  Reynolds*  number 
between  model  and  full  scale.  The  inception  speeds  have  been 
corrected  for  those  differences16.  Other  forms  of  cavitation 
were  taken  to  be  independent  of  sc^ale  effects. 

The  results  of  the  cavitation  tests  show  that  the 
5349  propellers  fitted  to  QUEST  can  be  expected  to  experience 
back  sheet  cavitation  at  speeds  above  7.7  knots.  Figure  10 
shows  that  propeller  5363  should  delay  back  sheet  cavitation 
inception  until  a  speed  of  15.2  knots.  With  these  new  pro¬ 
pellers,  the  inception  speed  for  tip  vortex  cavitation  can  be 
expected  to  rise  from  7.9  to  9.9  knots.  The  radiated  noise 
tests  showed  that  the  noise  characteristics  of  the  new  pro¬ 
pellers  will  be  superior  to  those  of  the  existing  ones. 

5 . 4  Comparison  of  Calculated  and  Test  Results 

As  a  number  of  numerical  techniques  were  employed 
in  the  design  of  these  propellers,  it  is  useful  to  examine 
their  abilities  to  predict  model  and  full  scale  performance. 

The  measured  open-water  curves  and  those  predicted 
by  two  analysis  methods  are  shown  in  Figure  11  for  propeller 
5349.  The  MIT  lifting-surface  method4  used  by  DREA  appears 
to  be  more  prone  to  over-estimate  the  efficiency  (Up)>  thrust 

coefficient  (KT) ,  and  torque  coefficient  (Kq) ,  at  the  higher 

values  of  J.  The  NSMB  lifting-line  program6  produced  a  more 
accurate  estimate,  in  the  region  of  the  design  J  of  1.06. 


Reasonable  comparison  of  cavitation  patterns  was 
achieved  between  prediction  and  model  test  for  propeller  5349. 
Results  from  the  lifting-line  calculation6  and  model  test  for 
this  propeller  are  compared  in  Figure  12. 

The  calculated  cavitation  patterns  for  the  highly 
skewed  propeller  were  very  much  more  pessimistic  than  were 
actually  observed  in  the  model  test,  as  shown  in  Figure  13. 

This  difference  between  model  tests  and  calculation  is  believed 
to  result  from  errors  in  the  calculated  cambers  and  angles  of 
attack.  The  NSMB  lifting-line  analysis  program6  fits  poly¬ 
nomials  to  the  available  lifting-surface  corrections11.  The 
corrections  calculated  in  this  manner  are  correct  for  the 
majority  of  propeller  geometries.  However,  for  this  case, 
where  the  propeller  is  nar r ow-bladed  and  highly  skewed,  lifting 
-surface  correction  data  are  not  sufficiently  accurate.  As  a 
result,  the  corrections  are  estimated  from  extrapolations  of 
the  polynomials  leading  to  errors  in  the  calculated  cambers  and 
angles  of  attack. 

6.  A-BRACKET  CONDITION 


To  provide  a  more  homogeneous  flow  in  the  propeller 
plane,  an  A-bracket  arrangement,  shown  in  Figure  14,  was  sub¬ 
stituted  for  the  shaft  bossing.  A  second  propeller  design  was 
undertaken  for  this  condition;  and  model  testing,  similar  to 
that  performed  on  the  bossing  configuration,  was  carried  out. 

The  wake  survey.  Figure  15,  for  this  configuration 
showed  a  different  wake  than  that  of  the  bossing  configuration. 
The  velocity  defect  is  wider,  and  not  as  deep.  Changing  the 
shaft  support  from  a  bossing  to  an  A-bracket  produced  a  slight 
reduction  in  required  horsepower.  Apparently  loss  in  friction 
and  pressure  drag  produced  by  removing  the  bossing  was  almost 
made  up  with  the  additional  profile  drag  from  the  A-brackets. 
This  result  is  consistent  with  results  obtained  from  systematic 
experiments  carried  out  with  ship  models  fitted  with  bossings 
and  A-brackets17. 

The  propeller  design  for  this  case  followed  the 
established  NSMB  design  technique"*  6>  7.  The  span-wise  blade 
loading  was  altered  from  that  of  5363  to  provide  an  increase 
in  propeller  efficiency.  This  measure  would  have  an  adverse 
effect  on  the  tip  vortex  inception  speed,  but  little  effect  on 
sheet  cavitation  inception.  The  result  would  be  an  increase 
in  the  ship  speed  with  little  change  in  ship  noise  at  full 
power . 
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Lifting-line  analysis  of  this  latter  propeller  pre¬ 
dicted  that  the  maximum  open  water  propeller  efficiency  would 
increase  to  75  per  cent  from  73  per  cent  with  propeller  5363; 
a  significant  improvement  when  one  considers  the  high  effi¬ 
ciency  already  associated  with  the  bossing  propeller.  The 
cavitation  calculations  showed  that  more  back  sheet  cavitation 
could  be  expected.  However,  the  extent  was  small,  and  as 
previously  mentioned,  the  calculated  cavitation  appeared  to 
be  pessimistic  for  the  first  set  of  highly  skewed  propellers. 

The  A-bracket  propeller  is  shown  in  Figure  16  and  is  designa¬ 
ted  5413. 

The  pertinent  results  of  the  open  water,  propulsion, 
and  cavitation  inception  testing  of  propeller  5413  are  shown 
in  Table  1  along  with  the  results  from  the  other  two  propellers. 

The  major  improvement  in  the  A-bracket  configuration 
over  the  bossing  lies  in  the  increase  in  propulsive  coefficients 
at  full  power.  In  general,  the  resistance  of  the  A-bracket 
configuration  is  somewhat  lower.  The  main  contributions  to 
the  improvement  are  the  better  propeller  efficiency  and  the 
more  favourable  propeller-hull  interaction.  The  latter  is 
caused  mainly  by  a  reduced  thrust  deduction  in  the  A-bracket 
case . 


7.  CONCLUDING  REMARKS 


The  information  in  Table  1  shows  that  the  new  QUEST 
propellers  for  the  bossing  configuration  produce  a  significant 
improvement  in  propeller  cavitation  performance  without  an  ad¬ 
verse  effect  on  propeller  efficiency.  This  result  is  achieved 
by  altering  pitch,  camber,  chord  and  thickness  over  the  orig¬ 
inal  propeller,  and  by  adopting  skew.  With  propeller  5363, 
tip  vortex  cavitation  is  predicted  to  occur  at  9.9  knots  and 
back  sheet  cavitation  at  15.2  knots. 

The  alternate  afterbody  arrangement  which  Incorporates 
A-brackets  for  shaft  support  shows  an  improvement  in  the  wake 
characteristic  in  the  propeller  plane.  However,  the  propeller 
designed  for  this  configuration  shows  no  improvement  in  cavita¬ 
tion  and  noise  performance  over  the  propeller  5363  because  of 
the  different  design  criteria.  The  decision  to  attempt  to 
increase  propeller  efficiency  by  altering  the  propeller  circu¬ 
lation  distribution  results  in  a  rise  in  open  water  efficiency 
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from  73.3  to  77.8  per  cent  at  the  design  J.  This  increase  in 
efficiency,  however,  is  achieved  at  a  cost  of  approximately  one 
knot  in  tip  vortex  cavitation  inception  speed.  Because  both 
hull  and  propeller  efficiency  are  superior  with  the  A-bracket 
configuration,  the  resulting  propulsive  coefficient  for  the 
A-bracket  case  is  15  per  cent  above  that  of  the  original  QUEST 
propeller . 
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TABLE  1 


MODEL  TEST  RESULTS 


5349 (boating)  5363(boetlnt)  541 3 (A-br»cket 


Ship  speed  at  full  power 

15.25  kt 

15.42  kt 

15.86  kt 

Propeller  r pa  ac  full  power 

137.3 

137.9 

139.1 

Effective  power  at  16  kt 

1473  kW 

1473  kV 

1462  kW 

Propulsive  coefficient,  full  power 

.618 

.641 

.  711 

Maxlau*  open  water  efficiency 

.726 

.763 

.  789 

.719 

.733 

.778 

C(i-t>/(x-«)3nK 

.  859 

.874 

.914 

Tip  vortex  cavitation  inception 

7.9  kt 

9.9  kt 

9.0  kt 

Back  sheet  cavitation  inception 

7.  7  kt 

15.2  kt 

15.2  kt 
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FIG.  3:  PROPULSION  TEST  WITH  STOCK  PROPELLERS.  DRAUGHT, 
4650  MM. 


FIG.  4s  AXIAL  WAKE  SURVEY  IN  PORT  PROPELLER  PLANE:  BOSSING 
CONFIGURATION. 


L3 


DIAMETER  *  3048  MM 

NO,  OF  BLADES  *  5 

EXP.  AREA  RATIO  *  .461 


PROPELLER  5363 


GEOMETRY  OF  NEW  PROPELLERS  FOR  QUEST. 


CALCULATED  MINOR  STRESSES  (N/M*xl0*6) 
SUCTION -SIDE 


CALCULATED  STRESSES  ON  PROPELLER  5363  FROM  STEADY 
HYDRODYNAMIC  AND  CENTRIFUGAL  LOAD.  AHEAD  15.3  KT 
143  RPM. 


THRUST  COEFFICIENT  (KT) 


FIG.  9:  CAVITATION  INCEPTION,  PROPELLER  5349,  BEHIND  CONDITION. 
DRAUGHT,  4650  MM. 


THRUST  COEFFICIENT  (KT) 


FIG.  10:  CAVITATION  INCEPTION,  PROPELLER  5363,  BEHIND 
CONDITION.  DRAUGHT,  4650  MM. 
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FIG. 


FIG. 


I 


11s  CALCULATED  AND  MEASURED  OPEN  WATER  DATA  FOR 
PROPELLER  5349. 


PREDICTION 


PROPELLER  5349 


12:  CALCULATED  AND  MEASURED  SUCTION-SIDE  CAVITATION 

PATTERNS,  PROPELLER  5349. 


17 


PREDICTION 

V$*I6KT 
N$  ■  144  RPM 
CT  *0.474 


MODEL  TEST 
Vs -15.42  KT 
Ns  *1379  RPM 
CT -0.420 


(TIP  ANGLE -BLADE  ANGLE  +42°) 
PROPELLER  5363 


CALCULATED  AND  MEASURED  SUCTION-SIDE  CAVITATION 
PATTERNS,  PROPELLER  5363. 


PROPELLER,  A-BRACKET,  AND  RUDDER  ARRANGEMENT  FOR  THE 
A-BRACKET  CONFIGURATION. 


FIG  , 


15:  AXIAL  WAKE  SURVEY  IN  PORT  PROPELLER  PLANE: 

A-BRACKET  CONFIGURATION. 


DIAMETER  =  3048  MM 

NO.  OF  BLADES  =  5 
EXP.  AREA  RATIO  =  .426 


PROPELLER  5413 


FIG.  16 


GEOMETRY  OF  NEW  PROPELLERS  FOR  A-BRACKET  CONFIGURATION 
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